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(54) A heater and a method of manufacturing the same 



(57) A heater comprising a substrate having a heat- 
ing surface (5) for a substance to be heated on the sub- 
strate, a heating element (4) embedded in the substrate, 
and a resistance control part (2c), wherein the substrate 



comprises a first ceramic material (2a,2b,2d,2e) and the 
resistance control part (2c) comprises a second ceramic 
material which has higher volume resistivity than that of 
the first ceramics. 
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Description 

Background of the invention 

(1) Field of the invention 

[0001] This invention relates to a heater in which a 
heating element is embedded in a ceramic substrate 
and a method of manufacturing the same for treating a 
substance to be heated, such as semiconductor wafer. 

(2) Related Art Statement 

[0002] Attention is now paid to dense ceramics as a 
substrate for an electrostatic chuck. In an equipment for 
manufacturing a semiconductor, a halogen corrosion 
gas such as CIF 3 is frequently used as an etching gas 
or a cleaning gas. Moreover for rapidly heating and cool- 
ing a semiconductor wafer while holding it, it is desired 
that a substrate of an electrostatic chuck has a high heat 
conductivity and a thermal shock-resistance to prevent 
destruction due to rapidly thermal change. Dense alu- 
minum nitride has high corrosion-resistance against the 
above halogen corrosion gas. Moreover aluminum ni- 
tride is known as a material with high thermal conduc- 
tivity with a volume resistivity of 10 14 £>cm or over at 
room temperature and high thermal shock-resistance, 
it is therefore considered preferable that a substrate of 
an electrostatic chuck as an equipment for manufactur- 
ing a semiconductor is formed of aluminum nitride sin- 
tered body. It is proposed that a substrate of a ceramic 
heater or a heater with a built-in high frequency elec- 
trode is formed of aluminum nitride. 
[0003] NGK Insulators, Ltd. discloses in Japanese ex- 
amined patent publication No. 7-50736 that a resistance 
heating element and an electrostatic chuck electrode 
are embedded in a substrate of aluminum nitride or a 
resistance heating element and an electrode for gener- 
ating a high frequency are embedded therein. 
[0004] When a resistance heating element and a high 
frequency electrode were embedded in a aluminum ni- 
tride substrate to make an electrode equipment for gen- 
erating high frequency waves and the electrode equip- 
ment was operated at a high temperature, for example, 
600° C or over, the state of the high frequency waves or 
the state of the high frequency plasma often became 
unstable. Moreover, when a resistance heating element 
and an electrostatic chuck electrode were embedded in 
the aluminum nitride substrate to make an electrostatic 
chuck equipment and the equipment was operated at a 
high temperature, for example, 600°C or over, the elec- 
trostatic adsorption power in the electrostatic chuck be- 
came unstable locally or with the passage of time. 

Summery of the invention 

[0005] It is an object to stabilize the operational state 
in every portion of the heater or the operational state of 



the heater with the passage of time : the heater compris- 
ing a substrate of a ceramic material, a heating element 
embedded in the substrate, and a heating surface for 
dealing with a substance to be heated on the substrate. 
s [0006] This invention relates to the heater comprising 
a substrate having a heating surface to treat a sub- 
stance to be heated on the substrate, a heating element 
embedded in the substrate, and a resistance control 
part, wherein the substrate comprises a first ceramic 
io material and the resistance control part comprises a 
second ceramic material which has higher volume re- 
sistivity than that of the first ceramics. 
[0007] This invention also relates to a method of man- 
ufacturing the above heater comprising the steps of pre- 
15 paring a substrate preform to be sintered as a ceramic 
substrate, providing a part to be sintered as a resistance 
control part in the substrate, and hot-pressing and sin- 
tering the substrate preform and the part. 
[0008] The present inventors investigated causes of 
20 generating the instability in, for example, the high fre- 
quency condition of the high frequency electrode equip- 
ment. As a result, they found that leak current, which 
flows between the heating element in the substrate and 
the high frequency electrode, disturbs the high frequen- 
ts cy condition. 

[0009] To solve the problem, they found that a resist- 
ance control part which is formed of a second ceramic 
material having higher volume resistivity than that of a 
first ceramic material of the substrate is provided in the 
30 substrate and thereby the influences of the leak current 
is restrained or controlled. They reached this invention 
based on the above discovery. 

[001 0] It is particular known that the volume resistivity 
of aluminum nitride shows a behavior like semiconduc- 

35 tor and decreases with increase in temperature. Accord- 
ing to this invention, by using aluminum nitride as a re- 
sistance control part, the high frequency condition and 
electrostatic adsorption power even at a range of 600 to 
1200°C can be make stable. 

40 [001 1 ] The above resistance control part is preferably 
in a layer-like form, and thereby the leak current can be 
restrained over a wide range of the heating surface of 
the substrate. 

45 Brief Description of the Drawings 

[0012] For a better understanding of the invention, ref- 
erence is made to the attached drawings, wherein: 
[0013] Fig. 1 is a cross sectional view schematically 
50 showing a heater 1 as an embodiment according to this 
invention. 

[0014] Fig. 2 is a cross sectional view schematically 
showing a heater 1 A as another embodiment according 
to this invention. 
55 [0015] Fig. 3 is a cross sectional view schematically 
showing a heater 1 B in still another example according 
to this invention. 

[0016] Fig. 4 is a cross sectional view schematically 
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showing a heater 1C in a further embodiment according 
to' this invention. 

[001 7] Fig. 5 is a plan view showing an embedded pat- 
tern of a resistance heating element in a heater made 
in an experiment according to this invention. 5 
[0018] Fig. 6 is a scanning electron microscope pho- 
tograph showing a ceramic tissue near an interface be- 
tween a resistance control layer and aluminum nitride. 
[0019] Fig. 7 is a scanning electron microscope pho- 
tograph showing in an enlarged scale a ceramic tissue io 
hear an interface between an aluminum nitride phase 
and A1 ON phase. 

[0020] Fig. 8 is a plan view typically showing a heater 
as a still further embodiment according to this invention. 
[0021] Fig. 9(a) is a cross sectional view showing a is 
state that a resistance control layer 20A is provided in 
an area between portions of a resistance heating ele- 
ment 16, Fig. 9(b) is a cross sectional view showing a 
state that a resistance control layer 20B is obliquely pro- 
vided in an area between portions of a resistance heat- 20 
ing element 16, and Fig. 9(c) is a cross sectional view 
showing a state that a resistance control layer 20C is 
provided in ah area between portions of a resistance 

heating element 16. 

-\ 25 

Detailed Description of the invention ' 

[0022] This invention is also described in details here- 
inafter. 

[0023] In this invention, more particularly, another 30 
conducting part is embedded in the substrate between 
the resistance control part, particularly preferably the re- 
sistance control layer (the layer-like resistance control 
part) and the heating surface of the substrate. A high 
frequency wave-generating electrode or an electrostat- 35 
ically chucking electrode is preferably used as the con- 
ducting part. Fig. 1 and 2 are cross sectional views for 
schematically showing a heating equipment of this ex- 
ample. 

[0024] In a heating equipment 1 in Fig. 1 , a discoidal 40 
substrate 2 has a heating surface 5 and back surface 6, 
ceramic layers 2a, 2b, 2c, 2d, and 2e are provided be- 
tween the heating surface 5 and the back surface 6, a 
resistance heating element 4 is embedded in between 
ceramic layers 2a and 2b, and a conducting part 3 is 
embedded in between ceramic layers 2d and 2e. More- 
over a resistance control layer 2c made of a ceramic 
material having a relatively high volume resistivity. 
[0025] The substrate is constituted by the ceramic lay- 
ers 2a, 2b, 2d and 2e. These ceramic layers are prefer- 50 
ably made of the same ceramic material, although their 
materials differs from each other so long as the intended 
object of the present invention is not lost. The ceramic 
layer 2c is made of another ceramic material having vol- 
ume resistivity higher than that of the ceramic layers 2a, 55 
2b, 2d and 2e. 

[0026] Fig. 2 shows another heating equipment 1 A in 
which ceramic layers 2a, 2f, 2d, and 2e are provided in 



between a heating surface 5 and a back surface 6, a 
resistance heating element 4 is embedded in between 
the ceramics 2a and 2f , and a conducting part 3 is em- 
bedded in between the ceramic layer 2d and 2e. 
[0027] In the example of Fig. 1 , the resistance heating 
element 4 is embedded between the ceramic layers 2a 
and 2b made of a first ceramic material, and is not con- 
tacted with the resistance control layer 2c. In the exam- 
ple of Fig. 2, the resistance heating element 4 is provid- 
ed alongside the boundary surface between the ceramic 
layer 2a and the resistance control layer 2f, and is con- 
tacted with the resistance control layer 2f. 
[0028] In another example, an electrode is embedded 
in a uniform resistance control part and thereby heat ex- 
pansion and heat shrinkage around the electrode can 
become uniform. Fig. 3 and 4 relate to such an example. 
[0029] In a heating equipment 1 Bof Fig. 3, a substrate 
2b is constituted by ceramics layers 2a, 2b, 2g, and 2h. 
An heating element 4 is embedded between the ceramic 
layers 2a and 2b, and a resistance control part 2g is in- 
cluded in between the ceramic layers, and embedded 
therein. Moreover a conducting part 3 is embedded in 
the resistance control part 2g. In this example, the re- 
sistance control part 2g is not exposed on the surface 
of the substrate 2B, but its peripheral surface may be 
exposed on a peripheral surface of the substrate 2B. 
[0030] Alternatively, it may be that a resistance control 
part is provided as a surface layer of the substrate, and 
a ceramic layer is provided under this surface layer. In 
that case; a heating element is preferably embedded in 
the underside layer of the resistance control part, and a 
conducting function part is preferably embedded in the 
surface layer (the resistance control part). 
[0031] Fig. 4 is a cross sectional view schematically 
showing a heating equipment 1C of the above alterna- 
tive example. A substrate 2C js composed of a resist- 
ance control part (a surface layer) 29 and a backside 
surface layer 30. A heating element 4 is embedded in 
the backside surface layer 30, and a conducting part 30 
is embedded in the surface layer 29. 
[0032] In this invention, a heating element is particu- 
larly preferably embedded in the backside surface layer 
made of a given single ceramic material. By so doing, 
the distortion of the backside surface layer around the 
heating element is restrained and thereby the destruc- 
tion of the substrate is prevented when the temperature 
of the heating element increases or decreases. 
[0033] According to this invention, the leak of the cur- 
rent to the conducting part 3 from the resistance heating 
element can be prevented and thereby the temperature 
of each part of the heating surface 5 can be remained 
stable. Consequently a highly uniform temperature dis- 
tribution of the heating surface of the substrate can be 
attained in the case of putting a semiconductor wafer 
etc. on the heating surface. 

[0034] In . this invention, aluminum nitride, silicon ni- 
tride, silicon oxide, aluminum oxide, magnesium oxide, 
yttrium oxide or the like may be used as the first ceramic 



15 



BNSDOCID: <EP 0929205A2J > 



5 



EP 0 929 205 A2 



6 



material for the substrate. Particularly nitride-based ce- 
ramic material may be used, more particularly aluminum 
nitride-based ceramic material may be used. 
[0035] Moreover the resistance control part is made 
of second ceramic material different from that of the sub- 
strate. As the main component of the second ceramic 
material, alumina, silicon nitride, boron nitride, magne- 
sium oxide, silicon oxide, or yttrium oxide can be also 
used. In that case, the wording "main component" 
means that the component is contained in the ceramic 
material at 90 wt% and over relative to the whole weight 
of this another material. Particularly a resistance control 
part is preferably formed of the ceramic materials of 
which main component is alumina, silicon nitride, boron 
nitride, silicon oxide, or yttrium oxide. 
[0036] It is effective in controlling the temperature dis- 
tribution that the second ceramic material has lower 
heat conductivity than that of the first ceramic material 
of the substrate. 

[0037] In the case that an aluminum nitride-based ce- 
ramic material is employed for both the first ceramic ma- 
terial and the second ceramic material, the resistance 
control part may be produced by adding a given amount 
of magnesium and/or lithium into the aluminum nitride- 
based ceramic material to increase its volume resistivity, 
while the substrate itself is made of aluminum nitride. 
Such example is described hereinafter. 

(1) Production of a resistance control part by adding a 
given amount of magnesium into a second ceramic 
material as the main component of the resistant control 
part 

[0038] Aluminum nitride in the aluminum nitride- 
based ceramic material is required to be contained in 
such an amount that enables particles of aluminum ni- 
tride to exist therein as the main phase. The content of 
aluminum nitride is preferably 30 wt% or, particular 50 
wt% or over. 

[0039] If magnesium is incorporated into the alumi- 
num nitride-based ceramic material in an amount of 0.5 
wt% or over as calculated in the form of its oxide, its 
volume resistivity increases and the resistance control 
part has high anti-corrosion property against corrosive 
halogen gas. Accordingly in the case of forming the re- 
sistance control part of the aluminum nitride-based ce- 
ramic material, it can have high anti-corrosion property 
and prevent the leak current. 

[0040] The content of magnesium in second ceramic 
material is not limited, but is preferably 30 wt% or less 
as calculated in the form of the oxide at the time of man- 
ufacturing the resistance control part. Since a coefficient 
of heat expansion of the resulting sintered body rises as 
the amount of contained magnesium increases, its con- 
tent is preferably 20 wt% or less so that the coefficient 
of heat expansion in the sintered body of the aluminum 
nitride-based ceramic material in the present invention 
may approach that of a sintered body of aluminum ni- 



tride having no magnesium. 

[0041] The constituting phase of the second ceramic 
material may be a single phase of aluminum nitride into 
which magnesium is solid solved or a combination of 
5 such an aluminum nitride single phase and a precipitat- 
ed phase of magnesium oxide. 

[0042] The coefficient of thermal expansion of the alu- 
minum nitride single phase to which magnesium is solid 
solved, is close to that of aluminum nitride containing no 
io magnesium. Therefore, when the resistance control part 
is integrally sintered together with the substrate, heat 
stress is relaxed and the destruction of the ceramics 
does not occur from the magnesium oxide phase as a 
starting point. 

75 [0043] In the case that the magnesium oxide phase is 
precipitated, the anti-corrosion property of the resist- 
ance control part can be further enhanced. Generally in 
the case that the second phase is dispersed into an in- 
sulating material, a resistivity of the insulating material 

20 decreases when the second phase has lower resistivity. 
In the case that the constituting phase of the second ce- 
ramic material is AIN+MgO, however, since MgO itself 
has high volume resistivity, the volume resistivity of the 
ceramic material does not decrease disadvantageous ly. 

25 

(2) Production of a resistance control part by 
incorporating a given amount of lithium into the 
aluminum nitride-based ceramic material 

30 [0044] The present inventors found that the volume 
resistivity of the. aluminum nitride-based ceramic mate- 
rial in a high temperature range, particularly in a high 
temperature range of 600°C and over is remarkably en- 
hanced by adding a very small amount, 500 ppm or less, 

35 of lithium into it. By forming a resistance control part of 
this aluminum nitride-based ceramic material, the leak 
current can be effectively prevented when heating up 
the heater. Since lithium into the aluminum nitride is add- 
ed in such a very small amount of 500 ppm or less, the 

40 heater can be preferably used as an equipment for man- 
ufacturing semiconductors in which metal pollution is 
not undesirable in particular. 

[0045] Alurhinum nitride in the second aluminum ni- 
tride-based ceramic material is required to be contained 

45 in such an amount that enables particles of aluminum 
nitride to exist therein as the main phase. The content 
of aluminum nitride is preferably 30 wt% or over, partic- 
ular 50 wt% or "over. The polycrystalline structure in the 
aluminum nrtride crystals may contain a very small 

50 amount of another crystalline phase, for example, lithi- 
um oxide phase except the aluminum. nitride crystals. 
"[0046] In the case that the content of contained lithium 
was 500 ppm or less, no phase except aluminum nitride 
phase could be observed. On the contrary, in the case 

55 of adding a large amount of lithium into aluminum nitride, 
peaks of lithium aluminate and lithium oxide could be 
observed by an X ray diffraction method. These results 
show that in the aluminum nitride-based ceramic mate- 
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rial containing lithium, at least part of the lithium may 
solid-solve in the lattice of the aluminum nitride and lith- 
ium aluminate or lithium oxide may precipitate as small 
crystals which could not be observed by the X ray dif- 
fraction method. 

[0047] The reason why the aluminum nitride has a 
high volume resistivity at high temperature enhanced by 
adding lithium into it is not clear, but it is considered that 
at least part of the lithium may solid solve into aluminum 
nitride and compensate lattice defects of the aluminum 
nitride. 

[0048] I n the case that the second ceramic material is 
formed of the above aluminum nitride-based ceramic 
material containing magnesium or lithium added and the 
first ceramic material is formed of another aluminum ni- 
tride-based ceramic material, the amount of a metal 
contaminant (except lithium and magnesium) in the first 
ceramic material is preferably 1G00 ppm or less. 
[0049] In manufacturing a heating equipment of this 
invention, a ceramic substrate to be sintered is pre- 
pared, a resistance control part is provided in the ce- 
ramic substrate, and the ceramic substrate is hot- 
pressed. , 

[0050] The pressure in hot pressing is preferably 20 
kgf/cm 2 or over; particularly 100 kgf/cm 2 or over: The 
upper value is not limited, but is preferably 1 000 kgf/cm 2 
or less from the practical standpoint of view, particular 
preferably 400 kgf/crn 2 or less to prevent the damage of 
a ceramic equipment such as a mold. 
[0051] After the hot pressing, aluminum oxynitride or 
aluminum oxide is preferably formed at the interface be- 
tween the resistance control part and the substrate 
made of the first ceramic material so that adherence 
may be further improved at the interface therebetween. 
A ION, SiAION, orY-AI-O is preferably used as the above 
compound. 

[0052] Although the conducting part embedded in the 
sintered body of the aluminum nitride may be formed of 
a conductive film by printing; it is preferably formed of a 
planar bulk metal material. The wording "bulk metal" 
means a bulk extending two-dimensionally formed of 
metal wires or a metal board. 

[0053] A metal member is preferably formed of a met- 
al having a high melting point, such as Ta, W, Mo, Pt, 
Re, Hf or an alloy composed of these metals. A semi- 
conductor wafer or aluminum wafer etc. may be used 
as a substance to be treated. 

[0054] This invention will be described in more detail 
with reference to the following specific experiments. 

(Experiment 1) 

[0055] A heating equipment as shown in Fig. 1 was 
prepared. Concretely, aluminum nitride powder, which 
was produced by a reduction* nitriding method, was 
used, and a binder of acrylic resin was added to the pow- 
der. The mixture was granulated by a spray granulator, 
thereby obtaining granulated particles. On the other 



hand, alumina powder was molded in the form of atape 
to obtain an alumina sheet with 320 um in thickness. As 
shown in Fig. 1 , layers of molded bodies thus obtained 
were successively uniaxial ly press molded and stacked 

5 to be integrated, while a resistance heating element 4 
of Mo having a coil-shaped form and an electrode 3 were 
embedded inside the integrated layers. A wire gauze 
made by weaving Mo wires with 0.4 mm in diameter at 
a density of 24 lines at 1 inch, was used as the electrode 

10 3. 

[0056] This molded body was put in a hot-press mold, 
which was sealed. The mold was heated at a rate of 
300°C/hour while the interior therein being evacuated 
in a temperature range of room temperature to 1 000° C. 
is The pressure was increased with increase in tempera- 
ture. It was hold at maximum temperature of 1 800°C for 
4 hours, hot-pressed at 200 kgf/cm 2 in a nitrogenous 
atmosphere, thereby obtaining a sintered body. This sin- 
tered body was machined and finished, thereby obtain- 
20 ing a heater. The diameter and the thickness of a sub- 
strate were 240 mm and 18 mm, respectively The dis- 
tance between the resistance heating element 4 and a 
heating surface 5 of the substrate was 6 mm and the 
thickness of a insulated dielectric layer 2e was 1 mm; 
25 [0057] The embedded plane shape of the resistance 
heating element was as shown in Fig. 5. That is, a wind- 
ing body 16 was obtained by winding the Mo wire, arid 
terminals 17A and 17B were joined to the ends of the 
winding body 16. The whole winding body 16 was ar- 
30 ranged in almost line symmetry to a line vertical to the 
paper in which Fig. 5 was drawn. Plural concentric cir- 
cular parts 16a having different diameters were ar- 
ranged in line symmetry, and the concentric circular 
parts 16a neighboring each other in a diametrical direc- 
ts tion of the concentric circles were connected with each 
other by a connecting portion 1 6d. A connecting part 1 6b 
at the outermost periphery was connected to a circular 
part 16c almost surrounding the outermost periphery. 
Twin terminals 1 7A and i 7B were connected each other 
40 jn series with the winding body 16. The terminals 17A 
and 17B were accommodated in a protector tube (not 
shown). 

[0058] Next, a circuit shown in schematic in Fig. 1 was 
made. That is, a high frequency power supply 8 for sup- 

45 plying electric power was connected to the resistance 
heating element 4 through an electric wire 9, and the 
electrode 3 was connected to a ground 11 through an 
electric wire 10. A leak current of the electrode 3 from 
the resistance heating element 4 was measured by con- 

50 necting the electric wires 20 and 9 to a clamp meter at 
500, 600, and 700°C in vacuum. As an operation index 
of the conducting part, the distribution of the surface 
temperature of the heating surface 5 was measured with 
the rmo-vi ewer at an operation temperature of 700°C, 

55 and thereby a difference between maximum tempera- 
ture and minimum temperature in the heating surface 
was measured. 

[0059] As a result, the leak current was not observed, 
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and the temperature difference in the heating surface 
was 10°C. The thickness of the resistance control layer 
was 1 50 um, and was composed of a-alumina phases. 
An AION phase was generated at an interface between 
the resistance control layer and the aluminum nitride. 
Fig. 6 is a photograph of a scanning electron micro- 
scope, showing a ceramic tissue in an area near the in- 
terface between the resistance control layer and the alu- 
minum nitride. The AION phase is formed between the 
uniform aluminum nitride phases. Fig. 7 shows in an en- 
larged scale an area near an interface between the alu- 
minum nitride phases and the AION phase. The inter- 
faces between these different ceramic phases are in 
succession, and abnormality such as peeling-off or 
cracks is not observed in the interface. 

(Experiment 2) 

[0060] A heater 1 was made as in the Experiment 1 , 
and experiments were also carried out as in the Exper- 
iment 1 except for putting alumina powder instead of us- 
ing an alumina sheet at the time of a uniaxial press mold- 
ing. 

[0061] As a result, no leak current was observed at 
each temperature, and the temperature difference in a 
heating surface was 1 0°C. The thickness of a resistance 
control layer was 220 urn. The resistance control layer 
was composed of a^aiurhina phases, and an AION 
phase was generated in the interface between the re- 
sistance control layer and aluminum nitride. 

(Experiment 3) 

[0062] A heater was made as in the Experiment 1 , and 
experiments were also carried out as mentioned above, 
except for putting silicon nitride powder instead of using 
an alumina sheet at the time of uniaxial press molding. 
[0063] As a result, ho leak current was observed at 
500°C. On the other hand, the leak current at 600° C was 
1 mA and the leak current at 700°C was 8 mA. The tem- 
perature difference in a heating surface was 15°C. The 
thickness of a resistance control layer was 240 urn. The 
resistance control layer was composed of silicon nitride 
phases and a product which could not be specified ex- 
isted in an interface of between the resistance control 
layer and aluminum nitride. 

(Experiment 4) 

[0064] A heater was made as in the Experiment 1 , and 
experiments were also carried out as in mentioned 
above, except for putting silicon oxide powder instead 
of using an alumina sheet at the time of a uniaxial press 
molding. 

[0065] As a result, no leak current was observed at 
500° C. On the other hand, the leak current at 600° C was 
3 mA and the leak current at 700°C was 10 mA. The 
temperature difference in a heating surface was 15°C. 



The thickness of a resistance control layer was 210 urn. 
The resistance control layer was composed of silicon 
oxide phases, and a product which could not be speci- 
fied existed in an interface between the resistance con- 
s trol layer and aluminum nitride. 

(Experiment 5) 

[0066] A heater was made as in the Experiment 1 , and 
io experiments were also carried out as mentioned above, 
except for putting yttrium oxide powder instead of using 
an alumina sheet at the time of uniaxial press molding. 
[0067] As a result, no leak current was observed at 
500and600°C. 
is on the other hand, the leak current at 700°C was 3 mA. 
The temperature difference in a heating surface was 
10°C. The thickness of a resistance control layer was 
1 90 um. The resistance control layer was composed of 
yttrium oxide phases, and an AI 2 Y 4 0 9 phases existed 
20 in an interface of between the resistance control layer 
and aluminum nitride. 

(Experiment 6) 

25 [0068] A heater was made as in the Experiment 1, and 
experiments were also carried out as mentioned above, 
except for putting boron nitride powders instead of using 
an alumina sheet at the time of uniaxial press molding. 
[0069] As a result, no leak current was observed at 

30 500 and 600°C. 

On the other hand, the leak current at 700°C was 2 mA. 
The temperature difference in a heating surface was 
10°C. The thickness of a resistance control layer was 
130 urn. The resistance control layer was composed of 

35 boron nitride phases and a product which could not be 
specified existed in an interface between the resistance 
control layer and aluminum nitride: 

(Comparative Experiment 1 ) 

40 

[0070] A heater was made as in the Experiment 1 , and 
experiments were also carried out as mentioned above, 
except for using an alumina sheet at the time of uniaxial 
press molding 

45 [0071] As a result, leak currents at 500, 600, and 
700°C were 2 mA, 9 mA and 45 mA, respectively. The 
temperature difference in a heating surface was 50°C. 

(Experiment 7) 

so 

[0072] A heater as shown in Fig. 3 was made as in 
the Experiment 1 . 

[0073] A resistance control layer was formed of the 
granulated particles made as in the following. A given 
55 amount of aluminum nitride powder made by reduction 
nitriding method^ 1.0 wt% of MgO, and a suitable 
amount of an acrylic resin binder were added into an 
given amount of isopropyl alcohol, and they were mixed 
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by a pot mill. The mixture was, thereafter, dried and 
granulated by a spray granulator, thereby obtaining the 
granulated particles. An electrode 3 was embedded in 
the particles. A wire gauze made by weaving Mo wires 
with 0.4 mm in diameterat a density of 24 wires per inch, 
was used as the electrode 3. The particles having the 
electrode 3 therein were uniaxialiy press molded and 
thereby a discoidal molded body was obtained. Molded 
bodies thus obtained were stacked and were uniaxialiy 
press molded to obtain a compact having a shape as 
shown in Fig. 3. 

[0074] This resulting molding was put in a hot-press 
mold, which was sealed. The mold was heated at a rate 
of 300°C/hour white its interior being evacuated in the 
range ot room temperature to 1000°C and the pressure 
thereof being increased. It was hold at maximum tem- 
perature of 1800°C for 4 hours, hot-pressed at 200 kgf/ 
cm 2 in a nitrogenous atmosphere, and thereby a sin- 
tered body was obtained. This sintered body was ma- 
chined, and finished, thereby obtaining a healer. The di- 
ameter and the thickness of a substrate were 240 mm 
and 18 mm, respectively. The distance between a re- 
sistance heating element 4 and a heating surface 5 was 
6 mm. 

[0075] No leak current to the electrode 3 from the 
heating element 4 was observed at 500, 600, 700, and 
800°C in vacuum. The difference between the maximum 
temperature and the minimum temperature was 10°C 
at an operation temperature of 800° C. 
[0076] Moreover, a corrosion- resistance test was car- 
ried for the heater. The heater was put in a chamber filied 
with a halogen gas (Cl 2 gas: 300 seem, N 2 gas: 100 se- 
em, the pressure of the chamber: 0.1 torr), and a high 
frequency plasma of an inductive coupling plasma 
method was generated on the heating surface of the 
substrate by supplying an electric power to the resist- 
ance heating element 4 and holding the temperature of 
the heating surface 5 at 735°C. An etching rate was 
measured from a change in weight of the heater after 
exposing it to the plasma for 24 hours. As a result, the 
etching rate was 4.4u.m/hour. Accordingly, the suscep- 
tor according to the present invention can be used as a 
heater which operates at higher temperatures than a 
conventional susceptor. 

[0077] A sample was cut from a ceramic layer 2h, and 
an amount of metal impurity therein was measured by 
wet-chemical analysis. As a resuit, the amount was not 
more than 1 00 ppm. A sample was cut from a resistance 
control part 2g, and a amount of magnesium therein was 
measured. In consequence, the amount was 0.50 wt%. 

(Experiment 8) 

[0078] A heater as shown in Fig. 4 was made as in 
the Experiment 1. 

[0079] A given amount of aluminum nitride powders 
made by reduction nitriding method, MgO of 2.0 wt%, 
and a suitable amount of acrylic binder were added into 



an given amount of isopropyl alcohol, and they were 
mixed by a pot mill. The mixture was, thereafter, dried 
and granulated by a spray granulator, thereby the gran- 
ulated particles. An electrode 3 as shown in Experiment 

5 7 was embedded in the granulated particles, and there- 
by a molded body as a surface layer 29 was obtained. 
Molded bodies thus obtained were stacked and uniaxi- 
aliy press molded, thereby obtaining a molded body 
having a configuration shown in Fig. 4. The resulting 

io molding was hot-pressed and sintered as in Experiment 
7. The dimensions of the sintered body were the same 
as those of the Experiment 7. 

[0080] No leak current to the electrode 3 from the re- 
sistance heating element 4 was observed at 500, 600, 

15 700 and 800°C in vacuum. The difference between the 
maximum temperature and the minimum temperature 
was 10°C at an operation temperature of 800°C. The 
etching rate which was measured to be 4.3 pm/hour un- 
der the same condition as in Experiment 7. 

20 [0081] A sample was cut from the surface layer 29, 
and an amount of magnesium therein was measured. 
As a result, the amount was 1.1 wt%. 

(Experiment 9) 

25 

[0082] A heater as shown in Fig. 4 was made as in 
Experiment 1. 

[0083] A resistance control layer was formed of gran- 
ulated particles made as in the following. A given 

30 amount of aluminum nitride powder made by reduction 
nitriding method, 0.1 wt%of lithium carbonate as calcu- 
lated in the form of its oxide, and a suitable amount of 
acrylic resin binder are added into an given amount of 
isopropyl alcohol, and they were mixed by a pot mill. The 

35 mixture was, thereafter, dried and granulated by a spray 
granulator and the granulated particies were uniaxialiy 
press molded. An electrode 3 was embedded in the 
molded body. Molded bodies thus obtained were 
stacked as in the Example 7. 

40 [0084] The laminate was fired as in Experiment 7 and 
tested. As a result, no leak current was observed at 500, 
600, and 700°C, and a leak current at 800°C was 1 mA. 
The difference in the temperature of a heating surface 
wasl6°C. 

45 [0085] A sample was cut from a back surface 30 and 
an amount of metal impurity was measured by wet- 
chemical analysis. In consequence, the amount was not 
more than 1 00 ppm. A sample was cut from a resistance 
control part (surface layer) 29, and an amount of lithium 

so therein was measured to be 280 ppm. 

[0086] According to a shape of a heating element in 
a substrate, the leak current from the heating element 
may be concentrated at an area other than an area be- 
tween the heating surface and the heating element. In 

55 that case, it is desirable that the resistance control part 
is provided in the area in which at least leak current is 
concentrated. 

[0087] For example, in a heating element 16 having 
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a plane pattern as shown in Fig. 8 (i.e. Fig. 5), it was 
found that a leak current was generated nearby con- 
necting parts '16b and 16d between a righthand resist- 
ance heating element and a lefthand resistance heating 
element in Fig. 8, in particular. The leak current was con- 
centrated at the area nearby the connecting parts and 
thereby hot spots was formed around the area. It de- 
grades the uniformity of the temperature in the heating 
surface. 

[0088] The formation of the hot spots can be prevent- 
ed by providing a resistance control layer 20 and thereby 
preventing a leak current between the resistance heat- 
ing elements according to this invention. Since the area 
in which the above leak current intends to be generated 
changes depending on the shape of a resistance heat- 
ing element, at least resistance control part is provided 
at least in the area in a substrate in which a relatively 
large potential slope is generated. 
[0089] A shape of a resistance control part is not lim- 
ited to the above plane shape. For example, in Fig. 9(a), 
when there is an area 21 in which potential difference 
occurs between resistance heating elements 16 in a 
substrate 15, a leak current is prevented by providing a 
resistance control layer 20 A in the area 21 . By making 
the shape of the resistance control layer 20A substan- 
tially vertical to the extending plane of the resistance 
heating elements 16, the leak current can be more as- 
suredly prevented. 

[0090] As shown in Fig. 9(b), a resistance control lay- 
er 20B can be provided in an area 21 such that the layer 
20B is tilted to the extending plane of the resistance el- 
ement 1 6 by a given angle. Thereby the detour distance 
of the leak current can be made to be longer. In this case, 
it is preferable that the tilted angle of the resistance con- 
trol layer 20B to the extending plane of the resistance 
heating element is 30 though 90 degree. 
[0091] Moreover, as shown in Fig. 9(c), a resistance 
control part 20C may be provided in the area 21. The 
resistance control part 20C includes a body 22, which 
extends in a substantially vertical direction to the. ex- 
tending plane of the resistance heating element 16, and 
projecting parts 23A, 23B, 23C, and 23D from the body 
22. By providing the projecting parts extending in the 
same arid/or opposite direction to the heating surface 
as seen from the resistance heating element 16, the de- 
tour distance of the leak current can be made to be long- 
er. 

[0092] As above mentioned, according to this inven- 
tion, in the heater comprising the substrate of the ce- 
ramic material with the heating surface to treat an object 
to be heated on the substrate, the heating element em- 
bedded in the substrate, the operational conditions of 
every part of the heater or the operational conditions of 
the heater with the passage of time can be stabilized. 



Claims 

1. A heater comprising a substrate having a heating 
surface to treat a substance to be heated on the 

5 substrate, a heating element embedded in the sub- 

strate, and a resistance control part, wherein the 
substrate comprises a first ceramic material and the 
resistance control part comprises a second ceramic 
material which has higher volume resistivity than 

10 that of the first ceramic material. 

2. A heater as claimed in claim 1 , wherein the resist- 
ance control part is provided in between the heating 
surface of the substrate and the heating element. 

15 

3. A heater as claimed in claim 1 or 2, wherein the 
heating element is embedded in the first ceramic 
material and is not contacted with the resistance 
control part: 

20 

4. A heater as claimed in any one of claims 1 through 
3, wherein a conducting part is embedded in the 
substrate between the resistance control part and 
the heating surface of the substrate. . . 

25 

5. A heater as claimed in any one of claims 1 through 
3, wherein a conducting part is embedded in the re- 
sistance control part. 

30 6. A heater as claimed in any one of claims 1 through 
5, wherein the first ceramic material is an aluminum 
nitride-based ceramic material and the main com- 
ponent of the second ceramic material is a ceramic 
material selected from the group consisting of aiu- 

35 mina, silicon nitride, boron nitride* magnesium ox- 
ide, silicon oxide or yttrium oxide. . 

7. A heater as claimed in claim 6, wherein an oxyni- 
tride or an oxide made of aluminum and compo- 

40 nents of the resistance control part exists at an in- 
terface between the first ceramic material and the 
resistance control part. 

8. A heater as claimed in any one of claims 1 through 
45 s ( wherein the first ceramic material is an aluminum 

nitride-based ceramic material having substantially 
neither magnesium nor lithium and the second ce- 
ramic material is an aluminum nitride-based ceram- 
ic material containing not less than 0.5 wt% of rnag- 
so nesium as calculated in the form of magnesium ox- 
ide. 

9. A heater as claimed in any one of claim claims 1 
through 5, wherein the first ceramic material is an 

55 aluminum nitride-based ceramic material having 
substantially neither magnesium nor lithium and the 
second ceramic material is ah aluminum nitride- 
based ceramic material containing 100 ppm 
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through 500 ppm of lithium. 

1 0. A method of manufacturing heater as claimed in any 
one of claims 1 through 9, comprising the steps of 
preparing a substrate preform to be sintered as the 5 
ceramic substrate, providing, in the substrate pre- 
form, a part to be sintered as the resistance control 
part, and hot-pressing and sintering the substrate 
preform and the part, while pressing the substrate 
preform. 10 

11. The manufacturing method as claimed in claim. 10, 
wherein the substrate preform is hot-pressed in a 
pressure range of 20 kgf/cm 2 and over. 

15 
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